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The cytoplasmic domains of many membrane proteins contain sorting signals that mediate their endocytosis from the
plasma membrane. VZV gB contains three consensus internalization motifs within its cytoplasmic domain: YMTL (aa
818–821), YSRV (aa 857–860), and LL (aa 841–842). To determine whether VZV gB is internalized from the plasma membrane,
and whether these motifs are required for its endocytosis, we compared the internalization of native gB to that of gB
containing mutations in each of the predicted internalization motifs. VZV gB present on the surface of transfected cells
associated with clathrin and was efficiently internalized to the Golgi apparatus within 60 min at 37°C. VZV gB containing the
mutation Y857 failed to be internalized, while gB-Y818A was internalized but did not accumulate in the Golgi. These data
indicate that the internalization of VZV gB, and its subsequent localization to the Golgi, is mediated by two tyrosine-based
sequence motifs in its cytoplasmic domain. © 2001 Academic Press
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wINTRODUCTION
Varicella–zoster virus (VZV) is classified as an alpha-
herpesvirus based on its growth characteristics and its
ability to become latent in the nervous system of the host
(Roizman, 1990). However, unlike other alphaherpesvi-
ruses such as herpes simplex virus types 1 and 2 (HSV-1
and -2), VZV induces syncytia and is highly cell-associ-
ated when grown in cultured cells, suggesting that its
cellular egress pathway differs significantly from that of
the other alphaherpesviruses.
All known herpesviruses encode a homolog of glyco-
protein B (gB) (Pereira, 1994). The alphaherpesvirus ho-
mologs of gB are essential for virus replication and
appear to be multifunctional proteins. During viral entry,
gB in the virion envelope participates in the fusion of the
virion and plasma membranes (Cai et al., 1988; Rauh and
Mettenleiter, 1991; Spear, 1993; Pereira, 1994), and dur-
ing viral egress gB plays a direct role in the cell-to-cell
spread of virus (Peeters et al., 1992; Baghian et al., 1993;
Pereira, 1994). VZV gB contains 868 amino acids (aa) and
is a type 1 membrane protein consisting of a large
ectodomain, a hydrophobic transmembrane region, and
a cytoplasmic domain. The cytoplasmic domain of VZV
gB is predicted to contain 125 aa making it by far the
longest cytoplasmic domain of any VZV membrane pro-
tein (Davison and Scott, 1986). VZV gB has been shown
to accumulate in the Golgi of infected cells (Wang et al.,
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421998; Heineman et al., 2000), and the cytoplamsic do-
main of gB contains specific sequences that mediate its
transport from the endoplasmic reticulum (ER) to the
Golgi (Heineman et al., 2000). However, gB is also found
in the plasma membrane of VZV-infected cells (Grose et
al., 1984; Heineman, 2000) suggesting that it may be
recycled from the plasma membrane to the Golgi.
Many virus-encoded glycoproteins are internalized
from the plasma membrane to the Golgi in a process that
is mediated by specific signal sequences within their
cytoplasmic domains (reviewed in Kirchhausen et al.,
1997). The best-characterized endocytosis signals are
the YXXf motif (where Y is tyrosine, X is any amino acid,
and f is any bulky hydrophobic amino acid) and the LL
(dileucine) motif. Sequence motifs of these types medi-
ate the internalization of several herpesvirus membrane
proteins including VZV gE and gI (Olson and Grose, 1997,
1998) and pseudorabies virus (PRV) gE and Us9 (Tira-
bassi and Enquist, 1999; Brideau et al., 1999). Human
cytomegalovirus (HCMV) gB and PRV gB are also inter-
nalized from the plasma membrane (Radsak et al., 1996;
Tirabassi and Enquist, 1998; Nixdorf et al., 2000), HCMV
gB by an acidic cluster in its cytoplasmic domain (Tu-
gizov et al., 1999), and PRV gB by a cytoplasmic domain
signal that has not yet been defined (Nixdorf et al., 2000).
VZV gB contains multiple potential endocytosis signal
sequences in its cytoplasmic domain. These include two
YXXf motifs [YSRV (aa 857–863) and YMTL (aa 818–829)]
nd a dileucine motif [LL (aa 841–842)]. To determine
hether VZV gB is internalized from the plasma mem-
rane, and whether its internalization is mediated by one
r more of these sequence motifs, we introduced spe-
focal m
43INTERNALIZATION OF VZV gBcific mutations into each of these motifs and assessed
the impact of these changes on the internalization of gB.
RESULTS
VZV gB endocytosis and the time course of its
accumulation in the Golgi
To determine whether gB accumulates in the Golgi by
means of endocytosis from the plasma membrane, and
to establish the time course by which this occurs, we
expressed native gB in MeWo cells by transfection using
the vaccinia-T7 system. After incubation with anti-gB
mAbs at 4°C, the cells were placed at 37°C for 0, 15, 30,
or 60 min to allow the internalization of gB. The cells
were then fixed, permeabilized, and incubated with flu-
orescein-conjugated secondary antibodies. The intracel-
lular location of gB at each time point was visualized by
laser-scanning confocal microscopy. In transfected cells
kept at 4°C (Fig. 1, 0 min), gB was found exclusively in the
plasma membrane indicating that no internalization had
occurred. By 15 min of incubation at 37°C, gB appeared
redistributed into discreet patches within the plasma
membrane. By 30 min, gB was largely internalized and
was distributed diffusely within the cytoplasm. By 60 min
at 37°C, gB was present almost exclusively in a well-
circumscribed intracellular compartment consistent with
the Golgi. To confirm that this structure was the Golgi,
the cells incubated for 60 min at 37°C were costained
with TRITC-conjugated wheat germ agglutinin, a lectin
FIG. 1. Time course of VZV gB internalization. VZV gB was expressed
60 min. VZV gB was detected using anti-gB mAbs and visualized by con
conjugated to TRITC (60-WGA) as a marker for the Golgi.that binds to complex oligosaccharides that are present
in high abundance in the Golgi (Campadelli et al., 1993;Gershon et al., 1994; Heineman et al., 2000). TRITC–WGA
colocalized with gB in these cells (Fig. 1, 60-WGA) con-
firming that gB had accumulated within the Golgi. These
data show that gB is internalized from the plasma mem-
brane to the Golgi and that internalization proceeds in a
stepwise fashion that is complete within 60 min at 37°C.
Construction and expression of mutated forms
of VZV gB
The 125-aa cytoplasmic domain of VZV gB contains
two regions that conform to consensus YXXf endocyto-
sis motifs, YMTL (aa 818–821) and YSRV (aa 857–861),
and a single dileucine motif, LL (aa 841–842; Fig. 2), that
may also function as an endocytosis signal. Previous
work has demonstrated that the tyrosine in YXXf motifs
is required for their function as endocytosis signals (Ja-
dot et al., 1992; Thomas and Roth, 1994). Therefore, to
determine if either of the VZV gB YXXf motifs is required
for gB internalization, we produced gB expression cas-
settes in which the predicted YXXf endocytosis motifs
were inactivated by changing the first codon from Y to A.
Similarly, a gB expression cassette was constructed in
which the dileucine motif was replaced with HA (Fig. 2).
To confirm that the mutated forms of gB were expressed
at similar levels to each other and to that of native gB, we
expressed native gB or gB containing the mutated cyto-
plasmic domain motifs in MeWo cells. VZV gB was im-
munoprecipitated using anti-VZV gB mAbs and resolved
Wo cells, and internalization was allowed to proceed for 0, 15, 30, and
icroscopy. At the 60-min time point, cells were also stained with WGAin Meby SDS–PAGE under nonreducing conditions. As a neg-
ative control, mock-transfected MeWo cells were also
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44 HEINEMAN AND HALLlabeled and incubated with anti-VZV gB mAbs. The mu-
tated forms of gB were each expressed at levels similar
to that of native gB (Fig. 3). The different molecular
weight species present on this gel presumably represent
different glycosylation states of gB as previously ob-
served (Montalvo and Grose, 1987) and are similar for
native gB and all of the mutated forms.
The internalization of gB requires specific sequence
motifs
To determine whether either of the YXXf motifs or the
L motif in the gB cytoplasmic domain contributes to gB
nternalization and localization, gB containing the inacti-
ating mutations in each of these motifs, as described
bove, was expressed in MeWo cells by transfection
sing the vaccinia-T7 method. After incubation with an-
i-gB mAbs at 4°C, the transfected cells were placed at
7°C for 0 or 60 min. Following fixation, permeabiliztion,
nd incubation with fluorescein-conjugated secondary
ntibodies, localization of gB was monitored by confocal
icroscopy. As expected, no internalization of native gB
r any of the mutated forms of gB occurred in cells kept
t 4°C (Fig. 4, 0 min) as evidenced by the presence of gB
xclusively in the plasma membrane of these cells. Con-
istent with the results of the time-course experiment
Fig. 3), incubation of the cells at 37°C for 60 min resulted
n the accumulation of native gB in an intracellular com-
FIG. 2. VZV gB cytoplasmic domain. The top line depicts the 125-aa
and LL motifs are shown. The amino acid number for the first residue of
domains of the mutated forms of gB used in this study. The altered am
FIG. 3. In vitro expression of the native and mutated forms of VZV gB.
Native gB (wt) or gB containing mutations in its predicted internalization
motifs (Y857A, Y818A, LL841-842HA) was transfected into MeWo cells.
gB was immunoprecipitated and resolved by nonreducing SDS–PAGE
on an 8% gel. Immunoprecipitation from mock-transfected cells (2) is
also shown.artment determined to be the Golgi (Fig. 4, 60 min)
ased on its costaining with WGA–TRITC (Fig. 4, 60
in 1 WGA; note that all the cells were stained by
GA–TRITC, whereas only a fraction of the cells ex-
ressed gB). However, VZV gB in which the tyrosines in
ither of the cytoplasmic domain YXXf motifs were mu-
ated exhibited abnormal gB localization. VZV gB-Y818A
n which YMTL (aa 818–821) was changed to AMTL was
learly internalized, but rather than localizing to the
olgi, gB-Y818A was found diffusely distributed through-
ut the cytoplasm (Fig. 4). The same diffuse cytoplasmic
istribution of gB-Y818A remained unchanged after 2 h at
7°C (data not shown) indicating that this defect inter-
upted the transport of gB to the Golgi rather than merely
elaying it. An even greater transport defect was ob-
erved for gB-Y857A, in which YSRV (aa 857–861) was
hanged to ASRV. VZV gB containing this mutation re-
ained almost entirely in the plasma membrane indicat-
ng the nearly complete absence of internalization. Alter-
tion of the gB cytoplasmic domain dileucine motif from
L to HA (Fig. 4, LL841-842HA) had much less impact on
nternalization than either of the YXXf mutations; gB-
L841-842HA was internalized and localized to the Golgi
imilarly to native gB. These data indicate that the cyto-
lasmic domain YXXf motif, YSRV (aa 857–861), is re-
quired for gB internalization. The other YXXf motif in the
ytoplasmic domain of gB, YMTL (aa 818–821), while not
equired for internalization, is necessary for the Golgi
ocalization of gB. By contrast, the dileucine motif plays
o discernible role in gB internalization or localization.
ZV gB associates with clathrin during internalization
YXXf motifs typically direct the endocytosis of mem-
rane proteins within clathrin-coated vesicles derived
rom clathrin-coated pits formed at the cell surface. To
etermine whether VZV gB is internalized by this mech-
nism, we expressed native gB or gB containing muta-
ions in its YXXf motifs in cultured cells. Internalization
was allowed to occur for 60 min as described above, and
then the cells were costained for both gB (using mouse
monoclonal antibodies) and clathrin (using rabbit poly-
smic domain of VZV gB (aa 744 to aa 868), and the locations of YXXf
otif is shown at the top. The bottom three lines depict the cytoplasmic
ids are shown in bold.cytoplaclonal antibodies) (Olson and Grose, 1997). Clathrin was
present in all cells as evidenced by the red cytoplasmic
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45INTERNALIZATION OF VZV gBstaining, whereas gB was seen only in the small fraction
of cells that were transfected (Fig. 5). Following internal-
ization, native gB colocalized with clathrin, most notably
in a perinuclear structure consistent with the Golgi, rep-
resented by the yellow area in the merged images (Fig.
5). Similarly, gB-Y818A appeared to be associated with
clathrin, although, as shown above (Fig. 4), it did not
localize to the Golgi. VZV gB-Y857A was not internalized
and did not colocalize with clathrin. These data suggest
that gB is endocytosed in clatherin-coated pits and that
FIG. 4. Internalization of VZV gB containing mutations in consensus
818A, Y857A or LL842-842AA were expressed in MeWo cells. Internali
nti-gB mAbs and visualized by confocal microscopy. Cells transfected
in 1 WGA) as a marker for the Golgi. The arrow marks the Golgi inthe YXXf motif YSRV (aa 857–860) is necessary for this
process.
f
cDISCUSSION
VZV gB has previously been shown to accumulate in
the Golgi apparatus of both infected and transfected
cells. In this study, we show that the Golgi localization of
gB occurs, at least in part, through the endocytosis of gB
from the plasma membrane. We also show that both
YXXf motifs within the cytoplasmic domain of VZV gB
lay a role in directing gB from the plasma membrane to
he Golgi. The YXXf motif YSRV (aa 857–861) is required
asmic domain transport motifs. Native gB or gB containing mutations
as allowed to proceed for 0 or 60 min at 37°C. gB was detected using
ative gB were also stained with WGA–TRITC after 60 min at 37°C (60
ll also expressing VZV gB.cytopl
zation w
with nor the endocytosis of gB as disruption of this motif
ompletely abolishes gB internalization. The second
onfoca
46 HEINEMAN AND HALLYXXf motif in the cytoplasmic domain of gB, YMTL (aa
818–821), is not required for gB internalization, but is
required for the normal transport of gB to the Golgi. YXXf
motifs in the cytoplasmic domains of membrane proteins
typically mediate endocytosis through clathrin-coated
pits. In our studies, gB colocalized with clathrin during
internalization suggesting that this mechanism accounts
for VZV gB endocytosis. The endocytosis of native gB
required at least 30 min, somewhat longer than was
observed for VZV gE (Olson and Grose, 1997), although
this disparity may have resulted from the different cell
types used in these experiments.
Additional mutagenesis studies showed that a third
potential consensus internalization motif within the cyto-
plasmic domain of gB, LL (aa 841–842), is not required
for either gB internalization or Golgi localization. Our
data, however, do not exclude the possibility that this
motif is involved in the intracellular trafficking of gB.
Subsets of both tyrosine- and dileucine-based signals
FIG. 5. Colocalization of gB with clathrin during internalization. Nati
cells, and internalization was allowed to proceed for 60 min at 37°C. T
and their intracellular distributions were visualized by laser-scanning c
shown to demonstrate areas where gB and clatherin colocalize.direct the sorting of proteins to lysozymes, endosomes,
or other compartments (Kirchhausen et al., 1997) andthus would not be identified by the endocytosis assay
employed in this study. Moreover, some dileucine-based
signals are recognized only as part of larger secondary
structures (Pond et al., 1995), which may not exist in the
cytoplasmic domain of VZV gB.
The trans-Golgi network has been suggested as a site
of final herpesvirus envelopment (Whealy et al., 1991;
Gershon et al., 1994). It has further been postulated that
viral envelopment is mediated by interactions between
the cytoplasmic domains of viral glycoproteins present
within the trans-Golgi with viral tegument proteins, which
in turn bind to unenveloped cytoplasmic capsids (Ger-
shon et al., 1994). The observation that VZV gB accumu-
lates within the Golgi, coupled with the fact that it has the
most extensive cytoplasmic domain of any VZV mem-
brane protein, raises the possibility that gB may partici-
pate in this process. Regardless of its role in viral egress,
however, gB must be transported efficiently to the site of
final envelopment as it is abundantly present in the virion
r gB containing mutations Y818A or Y857A were expressed in MeWo
cted cells were costained for gB (anti-gB) and clathrin (anti-clatherin),
l microscopy. Merged images for each of the double-stained fields areve gB o
ransfeenvelope (Grose et al., 1984). Our data, demonstrating
the well-regulated transport of gB to the Golgi through
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sistent with the hypothesis that the final envelopment of
VZV occurs within the Golgi.
Studies on PRV gB have suggested that the inter-
nalization viral glycoproteins may also help viruses
evade the host immune response. Polyclonal antibod-
ies against PRV gB and gD induce the internalization
of these glycoproteins as well as the cointernalization
of other plasma membrane proteins including MHC
class I (Favoreel et al., 2000). It is not known whether
this phenomenon results in enhanced viral survival in
vivo. Regardless, our data demonstrate that VZV gB is
internalized in the absence of antibody binding, sug-
gesting a role for gB endocytosis other than immune
evasion.
The accumulation of VZV gB within the Golgi parallels
the localization of other herpesvirus glycoproteins in-
cluding the gB homologs of HCMV and PRV (Radsak et
al., 1996; Tugizov et al., 1999; Nixdorf et al., 2000). Our
data, however, do not suggest that the pathway taken by
VZV gB as it transits from the plasma membrane to the
Golgi is necessarily identical to that of other herpesvirus
gB homologs. Of particular significance, the gB ho-
mologs encoded by many alpha- and betaherpesviruses,
such as HSV-1 and -2, PRV and HCMV, contain a C-
terminal acidic cluster in their cytoplasmic domains, a
feature which is absent from VZV gB. Such domains
frequently participate in the intracellular trafficking of a
variety of cellular and viral glycoproteins, typically
through their interaction with the cellular protein PACS-1
(Wan et al., 1998). The internalization of HCMV gB, in
particular, requires its cytoplasmic domain acidic cluster
(Tugizov et al., 1999). The absence of an acidic domain
therefore makes it unlikely that PACS-1 contributes to the
transport of VZV gB and suggests that the postinternal-
ization pathway taken by VZV gB as it transits to the Golgi
differs from that of certain other closely related herpes-
virus gB homologs. This, in turn, could result in differing
intracellular distributions of VZV gB compared to that of
gB homologs containing acidic domains and may impact
on the site of final envelopment. VZV is highly cell-
associated in cultured cells indicating that its egress
pathway differs from that of many other herpesviruses
including HSV-1 and -2, HCMV and PRV. Differences in
VZV gB transport based on its lack of an acidic domain
offer one possible explanation for its characteristic
growth properties.
In addition to the post-Golgi transport signals identi-
fied in this report, the cytoplasmic domain of VZV gB has
been shown to contain specific ER-to-Golgi transport
signals (Heineman et al., 2000). Therefore, the intracel-
lular transport of VZV gB is carefully orchestrated within
infected cells further reinforcing the importance of this
glycoprotein in viral egress.MATERIALS AND METHODS
Cell culture and virus propagation
MeWo cells, an immortalized human melanoma cell
line, were grown in Eagle’s minimum essential medium
(EMEM) containing 10% fetal bovine serum (FBS, Bio-
Whittaker) and GASP (2 mM L-glutamine, chlorotetracy-
line, penicillin, streptomycin; Quality Biological). Recom-
inant vaccinia virus vTF7-3 (Moss et al., 1990) was
obtained from the American Type Culture Collection, and
viral stocks were prepared and titered in BSC-40 African
green monkey kidney cells that were also grown in
EMEM containing 10% fetal bovine serum and GASP.
Immune reagents and intracellular markers
Anti-VZV gB monoclonal antibodies (mAbs) were pur-
chased from Biodesign International (catalog No.
C05102M). Teramethylrhodamine isothiocyanate (TRITC)-
conjugated wheat germ agglutinin (WGA) was purchased
from EY Laboratories. Rabbit anti-clathrin polyclonal an-
tibodies were purchased from Research Diagnostics,
Inc. Goat anti-mouse IgG conjugated with fluorescein
isothiocyanate (FITC) and TRITC-conjugated goat anti-
rabbit IgG were purchased from Sigma.
Plasmid construction and site-directed mutagenesis
of VZV gB
An 8131-bp PmeI/SpeI fragment of VZV strain Oka
[consensus nucleotides 53,875 to 62,007 (12)] containing
the VZV gB coding sequence (nucleotides 57,008 to
59,611) was cloned into pNEB193 (New England Biolabs)
in which the SmaI site had been replaced with a SpeI
linker. The 8148-bp fragment resulting from HindIII/SpeI
digestion of this plasmid (8131-bp VZV DNA fragment and
17 bp from the pNEB polylinker) was cloned into pBlue-
script-SK1 (Stratagene) at the corresponding restriction
ites such that the gB coding sequence was down-
tream of the T7 promoter to yield pBS-8131. A 2329-bp
NA fragment between the T7 promoter and the gB start
odon was eliminated by digesting pBS-8131 with StuI
and HindIII followed by recircularization to yield pBS-
5802.
All VZV gB mutations used in this study were derived
from pBS-5802 by site-directed mutagenesis using the
Bio-Rad Muta-Gene Phagemid in vitro mutagenesis kit,
which employs the Kunkel method (Kunkel, 1985). The
uracil-containing single-stranded DNA was isolated from
Escherichia coli CJ236 after superinfection of M13KO7
helper phage (Promega). To generate truncated forms of
VZV gB, oligonucleotides were designed to substitute an
alanine codon for tyrosine in the YXXf motifs or a histi-
dine for leucine in the dileucine motif. The mutagenic
oligonucleotides used in this study (purchased from
Genosys) were ATGATTAAAGCTATGACGTTA (Y818A),
CCGAGGAGCCTCCCGTG (Y857A), and ACTAGCGC-
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48 HEINEMAN AND HALLCCATGCAACTTCACGT (LL841-842HA). Each mutation
was confirmed by sequencing the relevant region of the
VZV gB gene using the dideoxy-chain termination
method (Sanger et al., 1977).
In vitro expression of VZV gB
VZV gB was expressed in vitro using the vaccinia-T7
xpression system (Fuerst, 1986). Briefly, DNA for trans-
ection was column purified (Qiagen) and transfected
sing lipofectin (Gibco-BRL). Cells at 75–90% confluence
ere infected with vaccinia vTF7-3 at a multiplicity of
nfection of 10 and then transfected using 7 mg of DNA
and 12 ml of lipofectin in 10-cm2 wells or 3.5 ml DNA and
6 ml lipofectin in 1.2-cm2 wells. Cells were incubated at
7°C, 5% CO2 for 16 h prior to radiolabeling or antibody
staining for immunofluorescence.
Radiolabeling and immunoprecipitation of proteins
Metabolic labeling was performed at 37°C in 5% CO2.
ransfected cells were incubated for 1 h in EMEM lack-
ng cysteine and methionine and then incubated in cys2,
et2 EMEM containing 125 mCi/ml [35S]Translabel (ICN)
for 4 h. Labeled cells were washed extensively in phos-
phate-buffered saline (PBS) at 4°C and lysed in PBS
containing 1% Triton X-100, 0.5% deoxycholate, and 0.1%
sodium dodecyl sulfate (SDS). VZV gB was immunopre-
cipitated by incubating the cell lysates with anti-VZV gB
mAbs overnight at 4°C followed by incubation with
Staphylococcus protein G (Pharmacia–Biotech) for 1 h at
4°C. After washing, precipitated proteins were eluted in
sample buffer containing 2% SDS (Bio-Rad) and resolved
by SDS–polyacrylamide gel electrophoresis (PAGE) on
8% nonreducing gels. The gels were dried, and the la-
beled immunoprecipitated proteins were visualized by
autoradiography.
Endocytosis assay
The endocytosis assay was performed, with minor
modifications, as previously described (Olsen and
Grose, 1997). Briefly, MeWo cells were grown on glass
coverslips in 12 dishes (1.2 cc2/well) and transfected with
he pBS-5802-derived constructs described above. Fol-
owing transfection, the cells were incubated with anti-
ZV gB mAb (1:250) for 1 h at 4°C. The transfected cells
ere washed with cold PBS and then incubated with
edium containing 10% FBS at 37°C. At given times
uring the 37 °C incubation (0, 15, 30, or 60 min), the
ells were fixed and permeabilized in 4% paraformalde-
yde containing 0.2% Triton X-100. The fixed cells were
locked by incubation with PBS containing 1% goat se-
um (Sigma) for 1 h at room temperature and then incu-
ated for 1 h at room temperature with goat anti-mouse
gG–FITC diluted 1:1000 in PBS containing 1% goat se-
um. When Golgi visualization was desired, WGA–TRITC
t a final concentration of 5 mg/ml was incubated with
Jhe fixed cells for 20 min concurrent with the secondary
ntibody incubation. Following incubation with the sec-
ndary antibodies, the cells were washed in PBS and
hen viewed with a Bio-Rad MRC 1024 laser-scanning
onfocal microscope.
latherin colocalization assay
MeWo cells were grown on glass coverslips and trans-
ected as described above. After incubation with medium
t 37°C for various intervals, the cells were fixed, per-
eabilized, and then incubated concurrently with rabbit
nti-clathrin polyclonal antibodies (diluted 1:200 in PBS)
nd anti-VZV gB monoclonal antibodies (diluted 1:250 in
BS) at 4°C for 1 h. The cells were washed with PBS,
ncubated with TRITC-conjugated goat anti-rabbit IgG
nd FITC-conjugated goat anti-mouse IgG, both diluted
:1000 in PBS, and then viewed by laser-scanning con-
ocal microscopy.
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